The paper deals with the topic of facility management focusing on maintenance area and its importance for increasing company competitiveness. The importance of functional company facility management has risen dramatically in recent years. The reason for this is the increased pressure on cost reduction and additional value to the core business of the enterprise. The paper introduces a current theoretical literature-based framework for this topic in order to examine and analyse the supporting activities and processes connected with production facilities and maintenance particularly. The main aim of the paper is to show the importance of a maintenance management information system and the effects of its implementation on the overall equipment efficiency of the facility in the enterprise based on primary data gathered from a selected company. The data was processed in a case study using information from the maintenance department of the selected enterprise in the plastic-processing industry in selected years (2006, 2008, 2009 and 2010). As it shows, this particular system was intended to provide relevant information to workers responsible for adjusting and repairing machines, as well as to the management of the enterprise in order to help them to make the right decision. The results of the data analysis proved the importance of computerized maintenance management information system (CM-MIS) implementation in improving Overall Equipment Efficiency (OEE) metrics and the efficient control of its production system.
INTRODUCTION
Nowadays a facility management (FM) is an activity including many supporting processes within a company. Facility management can be understood as an area of managerial actions that include wide-range disciplines to ensure the functionality of the business environment in supporting activities connecting together employees, enterprise departments, equipment processes, and technologies. The reason companies have been paying more attention to these activities is in order to find additional options of costs reduction. Moreover, with intense competition and pressure on prices decrease, companies have been seeking ways to become even more flexible, efficient and competitive. One way is to focus on facility management activities including the question of maintenance and to try to find room for possible efficiency improvements. Historically the application of facility management principles as such started to be included in company management approximately 50 years ago. In the Czech Republic, implementation of FM originated officially at the beginning of the 90´s, nevertheless even under communism we can find in an organization some departments that dealt with the operation and maintenance of buildings, transport or security. Since the beginning of the 90´s, some of the operations within facility management have been provided by external suppliers (outsourced). The fundamentals purpose of FM is to support organizational strategy and its core business to enhance the organization's economic benefits and core competencies. Therefore, FM should be driven according to organizational strategy, and FM strategy must be a part of the organization's overall strategy. (Vetráková et al., 2013) 
Facility Management: a Literature Review
Studying the fundamental literature about facility management, we can find numerous definitions; nevertheless none can be taken as an official international one. Definitions of FM often include terms like 'process', 'service', 'systems', 'information technology' and 'buildings'. Generally we can say, that facility management is said to address a large scale of different issues related to processes, service activities and building spaces. The scope and specific range of deliverables is considered to vary according to customer requirements, performed both within internal activities and using outsourcing. Becker (1990) defines FM as the structural activities that are responsible for coordinating all efforts related to planning, design and management of buildings and their systems, their equipment and their fittings, in order to improve the organization's ability to compete successfully in a rapidly changing environment. With this in mind, plant management has to encompass the three cost centres that include local support services and information technology. Alexander (1996) specifies that the purpose of FM is to cover all aspects related to space, environmental control, health and safety and support services. Curcio (2003) says that FM is the integrated management of the multitude of services and processes (concerning the buildings, spaces and people), which are not included in the core business, but which are necessary for the functioning of the organization. Pala e Pristerà (2004) describe FM as the process of design, implementation and control through which it is possible to identify, find and deliver the facilities, in order to provide and maintain a predetermined level of service that can meet business demands in terms of cost a and quality. (Guizzi at al.) IFMA (International Facility Management Association) (2003) depict FM as a profession that includes multiple disciplines to ensure the functionality of the physical environment through the integration of people, places, processes and technology. Another common definition according to GEFMA (German Facility Management Association) is: "Facility management is defined as the analysis and optimization of all cost-relevant processes relating to buildings, the construction of another facility or any organizational performance not belonging to the principal activity of the organization" (Vetráková et al., 2013) . Moreover, all these activities are backed up by legislation: the international standard EN 12551, identified as norm, ČSN EN 12551 in the Czech Republic.
Facility Management and Information Technologies
According to Šteker (2012) the key role in the implementation of best practice in FM is played by modern information systems. The crucial and fundamental condition for its maximum effectiveness is the process-based management of the enterprise. All these processes cover a huge amount of data which needs to be archived and classified according to the different criteria covering the needs of tactical and strategic managerial decisions. The fundamental question for process efficiency management lies with a suitable software application. Crucial areas covered by Computer Aided Facility Management (CAFM) applications are: strategic planning for real estate, business operations, headcount requirements, forecasting future space; space planning and management in terms of allocations, inventory, classifications; people management as occupant, vendors, staff; maintenance management in terms of both demand and scheduled (preventive) maintenance;
emergency management including disaster planning and recovery, safety information; capital project management dealing with construction/renovation, relocation management; lease management using property financial data; asset management dealing with depreciation, equipment, furniture, telecommunications, cabling; building information management integration; sustainability in terms of energy performance, building certifications. CAFM systems are used to ensure that assets are inspected, tested and certified in accordance with statutory and corporate regulations, rules and best practice; corrective actions are taken to correct faults; and records are maintained and can be readily located and made available for inspection. (Schürle, Fritsch, 2000) 1.3 Providers of Facility Management in the Czech Republic
Companies can usually draw on outsourcing for FM services. The main aim of using facility management outsourcing as part of company practice is to get this service for such reasons as a higher level of quality, cost saving or insufficient capacity in-house. In the Czech Republic, we can find several companies providing complex facility services. Within facility management services they offer an integrated package including mainly the management of buildings, production operations and related services in areas of maintenance, service and revisions of technological equipment, energy, cleaning, security and catering. 
MAINTENANCE AND FACILITY MANAGEMENT
An important part of facility management which significantly supports core activities within a company is the operations maintenance of mechanical equipment. The main tools used for this purpose are monitors, data collectors, analysis and implementation of a system. (Vyskočil, 2010) . As the previous chapter of this paper points out, greater effectiveness in any system of FM involves using information technologies. Therefore this chapter aims to show the effects of a maintenance management information system (CMMIS) implementation on the overall equipment effectiveness of the facility in a selected enterprise based on primary data. As Muller at al. (2008) present, function of information technologies in maintenance has increased because of its role in keeping and improving system availability and safety, as well as product quality. They talk about an e-maintenance, representing the concept of e-maintenance that is widespread today in the industry and refers to the integration of the information and communication technologies (ICT) within the maintenance strategy and/or plan to face with new needs emerging from innovate ways for supporting production. (Muller at al, 2008) . Maintenance has generally referred to all works carried out to keep and restore an item at a current acceptable standard. Operations and maintenance typically include the day-to-day activities necessary for the building and its systems and equipment to perform their intended function.
Operations and maintenance are combined into the common term O&M because a facility cannot operate at peak efficiency without being maintained; therefore the two are discussed as one. Services provided within the maintenance area fall into three major categories: (i) preventive maintenance, (ii) routine repairs and (ii) emergency services. Maintenance, testing and inspection schedules are required to ensure that equipment in the facility is operating safely and efficiently, to maximize the life of equipment and reduce the risk of failure. There are also statutory obligations to be met. The work is planned, often using a Computer-aided facility management system. (Wireman, 2005) Collecting necessary maintenance-cost information enables companies to track engineering information. For example, by using life-cycle costing information, companies can purchase assets with the lowest life-cycle costs rather than lowest initial costs. In order to track overall life cycle costs accurately, all labour, material, contracting, and other miscellaneous costs must be tracked accurately at the equipment level. This tracking is primarily an activity for the maintenance department. In addition to life cycle costing is the need for maintenance budgeting (Wireman, 2005) . According to Jurča (2004) the requirements for the maintenance of assets generally include: asset controlling and maintaining in operating and capable (functional) state; prevention of failure occurrence and following fault; operational corrective maintenance; reduction of the environmental impact of machine and equipment operation; operational safety assurance; maintenance of optimum cost structures.
The emergence of new technologies has changed maintenance service management (Havlík, 2011) . The implementation of an electronic system of data collection into the enterprise and the monitoring of maintenance operations can save additional costs to the enterprise and makes the production system work more effectively. Parameters which can influence this effectiveness are as follows: average time of a repair, time between machine failures, total time of failures. These parameters can have a significant influence on the total time of a temporary shutdown of a production line from total production time ('downtime'). This has a direct effect on the enterprise's efficiency. The results of these parameters also depend on the system of data monitoring, their analysis and the implementation of related measurements (Vyskočil, 2010) . Nenadál (2004) points to facility performance measurement methodology, which is necessary to follow if we want to ensure the greatest efficiency of the system: Identification and mapping of the process. Process description -process modelling.
Analysis of the current system of performance measurement. Proposed structure of performance measurement metrics. Selection of methods for data collection. Data processing and presentation of the results. Selection of the most suitable system of performance measurement. Standardization of the system of performance measurement. Continuous improvement of the performance measurement system according to Deming cycle that presents a four-step management method used in business for the control and continuous improvement of processes and products.
Overall Equipment Efficiency
One of the most important and critical matter of facility management is a field maintenance connected with continuous improving of manufacturing systems and its performance evaluation. As Rayes at al. (2010) mention, to measure effectiveness of production equipment companies often use overall equipment effectiveness (OEE). OEE is one of the performance evaluation methods that are commonly used in the production industries. OEE can be considered to combine the operation, maintenance and management of manufacturing equipment and resources. (Dal et al 2000) The OEE metric that originally described by Nakajima (1988) , can measure level of equipment effectiveness, and also identify loss elements which are classified into six major groups. These six big losses are breakdown, setup and adjustment losses (downtimes), minor stoppage, reduced speed losses, defect/rework (downtime) and yield losses. (Muchiri, P., Pintelon, L., 2008) . Downtimes of equipment are analysed in a research part of this paper. Overall equipment effectiveness (OEE) and total effective equipment performance (TEEP) are two metrics, closely related and both reporting the overall utilization of facilities, time and material for manufacturing operations. In fact, OEE and TEEP indicate the gap between the ideal and the actual performance. The OEE metric describes the efficiency of the facility. The index consists of three separate independent coefficients: availability, performance and quality. Each part of this metric can point to an aspect of the process that can be monitored and improved. The OEE metric can be used in all types of industries, the challenging target of this metrics is often around %. (Dwyer, 2008) This indicator is used further in the paper as a target for the machines analysed in the enterprise. The percentage of scheduled time that the facility is available to operate can be characterized by the coefficient of availability. According to the calculation, the availability is the ratio between the available time and the scheduled time of production. The performance coefficient of the OEE metric can be measured as the amount of parts produced in an ideal cycle time compared to the available time. The quality portion of the OEE metric represents the percentage of the products without defects produced out of the total number of produced parts.
ANALYSIS OF THE OVERALL EQUIPMENT EFFECTIVENESS AT THE SELECTED COMPANY
The main task of the maintenance department in the enterprise is to ensure that equipment in the facility is operating correctly and efficiently. Another obligation which needs to be met is to maximize the life of equipment and to reduce the probability of failure. The medium-sized enterprise selected in this paper to discuss effects of CMMIS implementation represents a plasticprocessing industry company. It has recently started to follow the principles of TPM (total productive maintenance) in order to ensure the basic requirements for asset maintenance. The goal of TPM is to achieve zero breakdowns and zero defects related to equipment. The consequence of reducing breakdowns and defects is improvement on production rate, reduction in costs, reduction in inventory and eventually, increase in labour productivity. The aim of this chapter is to show the results of before and after implementing an information system comparing data from selected years (authors chose years 2006 and 2008, when the company didn't use any information system) and years 2009 and 2010 (after IS implementation) and give also background of information for other companies thinking about CMMIS implementation. The methodology is based on study and observation of previous papers and books published on this topic (see e.g. Vyskočil (2010), Legát (2013) , Muchiri, P., Pintelon, L. (2008)).
Methodology, Objective and Data Description
For the analysis, we use data collected in the production plant of the selected medium-sized enterprise producing plastic components for the automobile industry. All data about the production time was collected continuously from 21 machines in two periods: in the first period by nominated workers; in the second period by the means of the newly implemented information system. These two periods differentiate in a method of data collection and are more described below.
The data provided information about availability, performance and the quality of the facility which could be quantified in OEE metrics. The metrics show the level of overall utilization of the facilities. The trend of utilization should be monitored and improved by implementing appropriate managerial decisions. Period 1 was from 1. 2009 -31.12.2010 . It focused on the monitoring of data by CMMIS (computer-aided maintenance management information system). The system was implemented in order to enable the enterprise to manage supporting activities effectively. This was the starting point for the authors of the article, who decided to measure changes in hours of downtimes in selected years to discuss effects of CMMIS implementation on this particular example.
Time Data Analysis of Production Downtimes
Initially there were 21 machines in the plant in 2006, which were operated by four workers (two specialists for repairs, two setters). From the data in Based on the handwritten records from 2006 we found that the total working time of machines, T1, was only 88 % from the total available time (there is no optimal value for availability, but 100 % is presumed to be the target in most manufacturing companies). Time taken for TPM (total productive maintenance) was 7 % and lost time due to non-functional machines was 5 %. A significant time period in the work shift (5 % of production time) when the machines were out of order due to breakdown or unplanned adjustment was a signal for continuous monitoring of the facility. The decision to monitor the downtimes of the machines should help the enterprise to uncover bottlenecks and potential for improvement in the maintenance regime. The hand written record method used for recording the data in this company in 2006 and 2008 identified an insufficient level of TPM as the main bottleneck, as well as a too slow changeover of tools in m any cases. As a result of these findings, the management decided to implement a computer-aided maintenance management system in order to monitor and analyse all maintenance operations. The system started to operate in January 2009. The following analysis compares the data collected in two different periods: in 2006 and 2008 without information management system (Period 1) and in 2009 and 2010 after its implementation (Period 2).
Implementation of the CMMIS in the Enterprise
The information system was intended to help maintenance workers (or setters) identify which machines require maintenance. It also gives appropriate information to management about the current situation in the workplace. Others functions of the system are work scheduling, TPM scheduling, reserving materials, recording costs and tracking relevant information such as the cause of the problem. The operators, having identified themselves via the chip readers, manually input data about the process (for example the kind of rejects, the type of the downtime) into the system. If there is some downtime, the staff responsible for facility maintenance is contacted on the "help desk" by telephone, email or by a siren from the particular facility. The current data about machine utilization and efficiency is displayed directly at the workplace to keep the staff informed. For this purpose, screens and LED displays are used as a part of visualization management as well.
Downtimes Analysis
The data collected by the two different methods in the two selected periods (years 2006 and 2008 and 2009 and 2010) were analyzed by Pareto analysis in order to identify the most significant downtimes according to time consumption. The duration of the downtime was chosen as the criterion for the Pareto analysis. The longer the facility is out of order due to unplanned maintenance, the more the production costs increase. Based on the total duration of the downtimes, 20 % of the key causes of downtimes were the same in both years. Namely, they were mechanical failure (downtime 21), electrical device failure ( Figure 1 and 2 and in the Table 3 shows that there is a significant decrease in the duration of downtimes 21 and 22 in 2009 and 2010. Concerning development of the downtime 65 (other technical failure of the equipment), the level of values is fluctuating during the monitored time period. This fluctuation was caused by the circumstances that cannot be influenced or improved by monitoring of CMMIS, the origin of downtimes is different (eg. setting or replacing of the machines due to changes in production).
Based on results of a previous study mentioned by Legát (2013) the authors considered the implemented CMMIS as a tool for improvement of the production system in selected company. As Legát points out, the CMMIS enables to management of an enterprise to check and inspect the machines and to reduce the number and duration of the downtimes more efficiently. Following the TPM principles and implemented more frequent quality controls are the causes for improving OEE indicator and leading a significant decrease in duration of downtimes. The evaluation of the effect of implementing a maintenance information system on the efficiency of production facilities was also a part of the large research study conducted already in 2001 -2003 by Czech University of Life Sciences in Prague. As a result of this study it was found that handwritten records of the maintenance operations are insufficient and inaccurate. It is necessary to monitor and evaluate data and records from the CMMIS continuously. The system helps to evaluate metrics like OEE and others which can lead to significant maintenance cost reduction connected mainly with elimination of downtimes (Legát, 2013) . This assumption was used in our further analysis.
Reporting: Results and discussion
Since 2009 the data in the company has been saved in the database of the CMMIS for further processing in reports and statistical analysis. Tabular and graphical reports are generated by this database and are made accessible for all responsible personnel and management via the intranet. As Dwyer (2008) mentions, OEE metrics are commonly used in many enterprises as a key performance indicator (KPI) in conjunction with lean manufacturing efforts to provide an indicator of success and benchmarking with other enterprises in the field. Also Samuel points out that OEE metric has become widely accepted as a quantitative tool essential for measurement of productivity in manufacturing operations (Samuel et al.,2002) . Related to the literature overview in chapter 2, OEE metrics quantifies how a facility performs according to its designed capacity, the time periods when it is planned to run and the amount of scrap. For the analysis of process efficiency the authors used the metrics mentioned in chapter 2 and its calculations: coefficient of availability,
coefficient of performance,
coefficient of quality
From the total number of 21 machines, 7 were randomly selected in order to analyze the development of the OEE metrics related to the implementation of the CMMIS. Based on the development of this key criterion (OEE), data from tables 4 and 5 show results of criterion in selected years.
Tab. Table 6 compares OEE metrics in these years. Presented numbers show that the trend in overall equipment effectiveness after implementation of the CMMIS is improving for machines V3531/81, V3963/101, V3963/102, VHN4651/111, VHN 4651/112. The progress in the level of the OEE metrics that can be seen in Table 6 reaches the target of 85 % as mentioned by Dwyer (2008) for almost all machines except from VHN 4651/112. The level OEE for VHN 4651/112 is caused by insufficient care of the maintenance staff, mainly because this machine is not always producing parts in an ideal cycle time compared to the available time due to production plan. On the other hand machines V3531/80 and V4562/83 have been already achieving good and stable results in their OEE metrics since 2008, the reason for this is the long-term following of TPM principles at this particular machines. Based on the findings from the data analysis in this particular case study from the selected enterprise supported with the findings from the previous research of the team of prof. Legát at Czech University of Life Sciences in Prague and other relevant sources from the professional literature mentioned above, managerial targets for achieving better performance can be set as follows: Categorization of downtime according to criteria of their origin in order to achieve a decrease of number of downtimes by quality control tools, Increased utilization of the OEE metrics (Overall Equipment Effectiveness) that regard availability, performance and quality of the process in order to control the equipment and facility more efficiently. Decreased costs of production and maintenance -calculating the cost of machine breakdowns with the help of a CMMIS can potentially lead to better allocation of enterprise's resources. Increased working time of the tools by means of available technological and material innovations (like CMMIS). Implementation of regular maintenance checks (planned, preventative and autonomous) that ensure working time and safety maintenance of the facility. Stabilization of production processes which includes several aspects like setting standards of production time, standards for machine adjustment and changeover of the tools.
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Discussion
The implementation of the CMMIS as demonstrated in the example of the selected enterprise (see Table 6 and Figure 1 and 2) shows an increase in the utilization of the facility and, in most cases, improvement of the OEE metric. This is accompanied (also in case of our selected enterprise) by an increase in the volume of production, labour productivity and a reduction in production and maintenance costs as Šteker (2012) also points out. On the other hand, the costs of implementing the CMMIS can be counted in particular cases in millions of crowns and the return on such an investment can take a number of years. Management of enterprises has to take this into account and weight such a decision carefully. Calculation of the costs for CMMIS implementation is not a part of this paper and it could be the topic for further research. However, it is the reason the management of the enterprise should consider all the aspects of the information system before its implementation.
As was discussed in the paper for manual data collection, accuracy is very low since recording of some minor stoppages or downtime can often be forgotten. Parsec (2005) arguments that though the cost of manual data collection is minimal, detailed manual data collection may demotivate the personnel and lead to reaction against the measurements. With the use of MES (manufacturing execution system), CMMIS and ERP (enterprise resource planning), collection of OEE related data is automated in some manufacturing enterprises. Though the cost associated to these installations is considerable, the data accuracy is high and the data collection process is simplified. Introduction of these modern software tools is been leveraged to produce sophisticated real time reports that allow manufacturers to fully understand all their sources of lost productivity (Parsec, 2005) .
However to focus on OEE metrics Muchiri, P., Pintelon, L. (2008) point out that some important measures (e.g. cost and flexibility) are not measured in the OEE. This is reason why other metrics (like associated maintenance index) should also be involved in further research. The impact on development of the metrics can have also other factors. Trained and experienced staff, amortization of the manufacturing facility or effective production planning should be also considered. With the adoption of this new automated technology of data capturing, the areas of lost production time will be easily identified. (Muchiri,P., Pintelon, L. 2008) Situation in an enterprise and the results of OEE metrics in maintenance can generally be influenced not only by CMMIS implementation but also with other factors as financial demands of maintenance of equipment, level of equipment utilisation or value of reserves in spare parts. However in our particular enterprise all these factors were stable during our research.
CONCLUSION
Exact information about the true state of the facility and its technical and economical parameters has had a significant impact on the management decision-making process these days. That is why management information systems are being implemented so frequently nowadays. This paper offers a brief overview of the topics of facility management using a theoretical literaturebased framework in this field at first. Then it focuses on the area of maintenance and importance of information system implementation. The empirical case study from the area of FM dealing with maintenance has been presented on purpose to show the effect of CMMIS implementation on the enterprise. In order to analyse the impact of the implementation of the maintenance information system, we used primary data collected in the given enterprise in two periods: before the information management system was implemented; and after its implementation. Using this qualitative data and selected metrics, this study proved that providing support via a maintenance information system helps the enterprise to reach a better level of OEE metrics. Despite the limitations of this data set, the results provide better insights on the production processes and point out the importance of using information systems in facility management and confirm statements given in previous studies (Legát, Vyskočil, Parsec etc.) . However each company also needs to take into account the costs connected with CMMIS implementation which are usually significant. To see the total effect it is necessary to compare the savings from the reduction of downtime, decreasing costs etc. with the total cost connected with CMMIS implementation. This was not a part of the analysis in this paper but it could be the stepping-stone for further research as well as an inspiration for a deeper analysis with a larger amount of data from enterprises and a wider industrial context.
